perature is proportional to the exchange couplings, the FM insulators usually have a much lower ordering temperature than the AFM ones due the presence of J H /U which is about 1/10 -1/5.
8
Bulk FM insulators are interesting for spintronic applications since they could support proximity exchange fields in heterostructures and could provide spin-polarized carriers.
9-12
However, a high-T C FM insulator is rare due to the aforementioned weakened FM superexchange interactions, and this is even worse in two-dimensional FM materials.
9-11,13
Transition-metal oxides are usually correlated electron systems which offer many multifunctional properties due to their lattice-charge-spin-orbital degrees of freedom and their cross-couplings. [5] [6] [7] [8] 14, 15 These materials may host superconductivity, colossal magnetoresistance, and multiferroicity for example. [5] [6] [7] [8] In this work, using a combination of crystal field level analyses, density functional calculations, and Monte Carlo simulations, we study the interplay among lattice-charge-spin-orbital degrees of freedoms and we predict a surprisingly strong FM layered insulator Sr 2 NiRuO 4 (see Fig. 1 ).
ered material with T C ∼ 200 K. 19 The FM order has been explained by considering the superexchange between the unusual low-valence Ni 
Methods and computational details
We perform density functional theory (DFT) calculations using the Vienna Ab initio Simulation Package (VASP).
21
The phonon spectrum was calculated using phonopy software interfaced with VASP.
22
The magnetic properties were studied using DFT, crystal field level diagram, as well as Monte Carlo simulations. We start our DFT calculations using the Local-Spin-Density Approximation (LSDA). The ionic potentials including the effect of core electrons are described by the projector augmented wave method.
23
The plane waves with the kinetic energy up to 500 eV have been employed to expand the electronic wave functions. 
LSDA calculations: charge-spin-orbital state and magnetism
We have studied, for the stable I4/mmm lattice, three different magnetic structures, i.e.,
FM, A-AF(ab-intralayer FM, c-interlayer AFM) and C-AF (ab-intralayer AFM, c-interlayer FM). Our calculations show that the FM state is the most stable magnetic configuration
while the C-AF state is unstable and converges to the metastable A-AF state, see Table 1 .
The absence of C-AF state implies that the intralayer AFM coupling is highly unfavorable, as compared to the parent compound LaSrNiRuO 4 .
We plot in Fig. 3 Fig. 3 ), the insulating behavior is readily recovered by introducing a finite electron correlation as shown below.
We plot in Fig. 4 Fig. 4 ) is an orbital singlet and it has no orbital degree of freedom, we suggest that Sr 2 NiRuO 4 can be stabilized in the I4/mmm structure (as verified by the above phonon calculations) which is free of a symmetry lowering Jahn-Teller lattice distortion. It is important to note that such unusual charge-spin-orbital states are crucial to produce the strong FM in this layered insulator, as discussed below. 
Ferromagnetic picture

LSDA+U and hybrid functional calculations
To support our picture, we have performed additional LSDA+U calculations to estimate the strength of both the intralayer and interlayer FM couplings in Sr 2 NiRuO 4 in the stable Ni + S=1/2 and Ru 3+ S=3/2 state. As seen in Table 1 , LSDA+U calculations account for the electron localization and stabilize the different magnetic structures for this layered insulator.
Moreover, using constrained LSDA+U calculations, 14, 15 we have tested the Ni Table 1 ). The blue (red) curves stand for the up (down) spin channel. Fermi level is set at zero energy.
(S=3/2) ground state is verified, by counting the spin-orbital occupations of both Ni 3d and Ru 4d states. Therefore, our interpretation in terms of Ni + (S=1/2) and Ru
3+
(S=3/2) is robust with respect to different computational schemes.
By mapping the total energy differences between the FM ground state and the C-AF state, and A-AF states to a Heisenberg spin Hamiltonian (see Table 1 ), the FM intralayer coupling parameter J ab is estimated to be -27.0 meV (8J ab S N i S Ru = -162 meV) and the FM interlayer one J c = -6.7 meV (4J c S N i S Ru = -20 meV) when referring to the LSDA+U 1 scheme where U = 6 eV (3 eV) could be an upper limit for Ni 3d (Ru 4d) electrons. When we refer to the LSDA+U 2 scheme with smaller U = 5 eV (2 eV) for Ni 3d (Ru 4d) electrons, the FM exchange parameters get even bigger: J ab = -32.3 meV and J c = -9.0 meV. This is reasonable because by decreasing U parameter, the electron localization decreases and the energy separation between Ni 3d and Ru 4d states becomes smaller, thus favoring the virtual hoppings that we discussed before, and thus enhancing the FM couplings. Therefore, the estimated T C would be a minimum based on the LSDA+U 1 results. All these results show that indeed the intralayer FM coupling is significant and the interlayer one is also strong, thus confirming the above spin-orbital modeling analyses (Fig. 4) show that the Curie temperature T C is 240 K, which may be a minimum but is already quite high for a layered insulator. Moreover, when we use J ab = -32.3 meV and J c = -9.0 meV from LSDA+U 2 , T C is increased up to 290 K, see the red curve in Fig. 6 . In addition, as our HSE calculations give a nearly doubled J ab value than the LSDA+U 1 , the corresponding T C should be significantly enhanced and then should be much higher than room temperature.
Therefore, we have predicted an unusual strong FM in the layered insulator Sr 2 NiRuO 4 , whose T C is close to or ever higher than room temperature. This prediction of a high T C in the stable Sr 2 NiRuO 4 calls for an experimental proof.
Conclusion
In summary, we have predicted a surprising strong FM coupling in the stable layered insulator 
